Recovery rates of skin temperature after cold water immersion tests and other measurements were recorded from 1978 to 1989 to assess the effects of vibration due to the use of bush-cutters on the health of 42 road-maintenance workers having an average age of 51.7years.
INTRODUCTION
Bush-cutters produce relatively weak vibration, and the incidence rate of vibration-induced white finger (VWF) among the operators, even those who have used the machine for many years, is low. Effects of vibration do exist, but they are so inconclusive that longitudinal monitoring of complaints and functions, especially changes in complaints and functions between two examina tions in relation with exposure to vibration, is needed for evaluating the health conditions of the operators.
Recovery There were significant differences of effects of vibration between the groups classified by intra individual variation in skin temperature recovery. Bush-cutter operators with greater intra-individ ual variation in recovery showed better scores in recovery and vibratory sense threshold than those with less variation. Great intra-individual varia tion suggests the soundness of the peripheral circulatory system in its response to varying ambient temperature during the test.
SUBJECTS AND METHODS
The subjects of the present study were 42 road -maintenance workers of the Nagasaki Prefectural
Office, who cut roadside grass from May to October. They began to use bush-cutters in the late 1960s. At that time, the use of bush-cutters was not systematically controlled, and the workers often used machines for 6 to 8h/d. In 1977, several workers (who are excluded from the present study) were diagnosed as suffering from vibration syndrome of the second stage of the ILO classification,3) and group examination on the effects of vibration was commenced from the following year. Thereafter, the use of bush-cut ters was prohibited for 7years until 1984. The use of bush-cutters was resumed in 1985 under the systematic health management of the workers and strict control of machine use (15min per operation, 2h/d, and 4d/wk).
Group examinations of vibration effects were conducted eight times, that is, in 1978 is, in , 1980 is, in , 1982 is, in , 1984 is, in , 1985 is, in , 1986 is, in , 1988 is, in , and 1989 is, in . Two examina tions in 1980 is, in and 1988 where only a small number of workers underwent the cold water immersion test, were omitted from the analysis. The sub jects of the present study were workers who underwent all the other six examinations. They were all men with a mean age of 51. the mean being 32.4% and S. D. 13.4%. Distri bution of C. V. is shown in Fig. 3 . The two peaks of distribution were at 21-24% and 42-45%. C. V. was correlated with the individual mean recovery rate (r=0.476, p<0.01), though some subjects with large C. V. had low recovery rates (Fig. 4) . C. V. was also correlated with the individual mean skin temperature (r=0.627, p< Fig. 4 . Relation between coefficient of variance and mean of the individual recovery rate of skin temperature after cold water immersion test r=0.476, p<0.01. Some with large C. V. had small recovery rate. 0.001). This correlation was stronger than the correlation between individual mean recovery rate and individual mean skin temperature (r=0.379, P<0.05).
3. Intra-individual variation in recovery rate and other measurements. Means and S.D. of meas urements of the two groups divided by C. V. of individual recovery rate are shown in Table 1 . Statistical differences in means between the small C. V. group and the large C. V. group were eval uated using the Welch test. The mean C. V. of the small C. V. group was 20.6%, while that of the large C. V. group was 44.2%. The two groups did not differ in age or years of experience.
Figures for other measurements were the mean values of individual mean of the measurements for the six examinations.
Skin temperature before immersion and re covery rate differed explicitly between the groups as could be expected from the correlation between C. V. and these parameters. The large C. V. group showed better results for all other meas urements as shown in Table 1 . In particular, vibratory sense thresholds of the middle finger were low in the large C. V. group (p=0.05 for both hands). Table 2 shows the results of the 1989 examina tion for the two groups. Though the operating hours in the previous year for the large C. V. group were much longer than those of the small C. V. group, the results for the former were gen erally better than the latter. Again, vibratory sense thresholds were low in the large C. V. group (p=0.06 for the left hand and p=0.07 for the right hand). Table 3 shows the results of the 1978 examina tion for the two groups. Skin temperature and vibratory sense thresholds of the left finger of the large C. V. group were better than the small C. V. group (p=0.01 and 0.02, respectively).
These tendencies did not disappear even when the recovery rates were converted into deviation values (mean=50 and S. D.=10) and then their C. V. was calculated and used for dividing the two groups.
The longer operating hours of the larger C. V.
group in Table 2 themselves may indicate the better results of the group. Because the recovery rate and the skin temperature are the most in fluential measurements in the decision of classi fication into health and work administration groups, the differences in these measurements between the two C. V. groups necessarily pro duced difference in operating hours. All the subjects were classified after examination each year into four health and work administration groups on the basis of the tests of functions and complaints; class A with no or mild influence of vibration, class B with moderate influence of vibration, class C with severe influence of vibra tion and class D with diseases other than vibration syndrome. There were no class C subjects in 1989. In 1989, excluding two subjects of class D, 11 of the 19 subjects (57.9%) in the small C. V. group and 4 of the 21 subjects (19.0%) in the large C. V. group were classified as class B (Chi square=4.87, P<0.05). The mean and S. D. of These percentages for the whole period and for 1988 are higher in the large C. V. group than in the small C. V. group (Tables 1 and 2 ), though the differences are not statistically significant, and though the differences in 1978 (Table 3) are much smaller. We could not fully understand why the large C. V. group had a higher prevalence in spite of the better results in measurements. The high prevalences of the large C. V. group, however, may have resulted from longer operating hours. This may be partially true, because the difference in 1978 seems to be smaller than that in 1988. Actually, those operating machines more than 80 h in 1988 showed a higher prevalence of having histories of pain than others (p<0.05).
The fact that the difference in 1978 seems to be smaller than that in 1988 also suggests the in fluence of operating hours. Nevertheless, those having any complaints did not show worse scores in the examinations. At any rate, the relation ship between the results of measurements and the prevalence of complaints was much too com plicated to be elucidated adequately by the present 
